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TransplantatABSTRACT
Background. Following improvements in patient and graft survival after liver trans-
plantation (LT), the recipients’ quality of life has become an important focus of patient
care. Sleep is closely related to physical and mental health; however, sleep disturbances in
LT patients have not yet been evaluated.
Methods. We assessed 59 LT patients (aged 18 years) between September 2011 and
September 2012. The patients completed the restless legs syndrome (RLS), 36-item short-
form health survey (SF-36), Pittsburgh Sleep Quality Index (PSQI), and Epworth
Sleepiness Scale (ESS) questionnaires. In addition, laboratory data were obtained and
neuropsychological tests (NPT) were performed during study entry.
Results. Thirty-eight patients (64%) were included in the poor sleep group (PSQI 6 or
ESS10). The SF-36 scores were lower in the poor sleep group than in the good sleep group.
Eleven patients (18%) had RLS. An NPT score 3 indicated minimal hepatic
encephalopathy (MHE3). The MHE3 group consisted of 22 patients (43%). The time
after LT was shorter; serum albumin, branched chain amino acid/tyrosine molar ratio
(BTR), and role limitations due to poor physical health were lower; and serum ammonia
levels were higher in the MHE3 group than in the MHE0-2 group. When the poor sleep
group was divided into subgroups (control, MHE, RLS, and unknown), MHE patients
had high model for end-stage liver disease scores, high ammonia levels, and low BTR,
whereas RLS patients showed a short time after LT.
Conclusion. Sixty-four percent of recipients were classified as poor sleepers. SF-36 scores
were lower for poor sleepers than good sleepers. RLS and MHE are major diseases that
cause sleep disturbances in patients after LT.*Address correspondence to Mana Akahoshi, MD, Department
of Gastroenterology and Hepatology, Graduate School of
Biomedical Sciences, Nagasaki University, Nagasaki, Japan.
E-mail: manamanamail@gmail.comRECENTLY, it has been reported that the generalquality of life (QOL) of patients improves after liver
transplantation (LT) when compared with that of healthy
controls. However, liver transplant recipients have significant
deficits in QOL. Consequently, the previously reported QOL
benefits after LT may have been overstated [1]. Following
improvements in patient and graft survival after LT, the
QOL of recipients has become an important focus of patient
care and clinical outcomes research. Although QOL
improves within 1 year after LT, not all patients achieve or
sustain the same level of QOL for 12 years [2]. Efforts should
be made to improve QOL and function during the initiallsevier Inc. All rights reserved.
enue South, New York, NY 10010-1710
ion Proceedings, 46, 3515e3522 (2014)recovery period in liver transplant recipients [2]. However,
the factors that influence the QOL of liver transplant
recipients have not been fully analyzed. Additionally, the lack
of a gold-standard QOL instrument for liver transplant
recipients is problematic [3].
Patients with liver cirrhosis (LC) experience a wide
range of symptoms. Some cirrhotic patients are affected by0041-1345/14
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Table 1. Clinical Characteristics at Entry
Characteristics N ¼ 59
Age (mean  SD) 58.4  11.7
Postoperative weeks to entry 187.3  137.5
BMI (kg/m2: mean  SD) 24.2  3.7
Recurrent hepatitis 24
ALT (IU/L: mean  SD) 33.5  25
Total bilirubin (mg/dL: mean  SD) 1.1  0.6
Prothrombin time (%: mean  SD) 82.8  23.8
Branched chain amino acid/tyrosine
molar ratio (mean  SD)
6.87  2.08
Albumin (mg/dL: mean  SD) 4.0  0.5
Hemoglobin (g/dL: mean  SD) 12.3  2.4
Ferritin (ng/mL: mean  SD) 115  136
NEFA (mEq/L: mean  SD) 0.60  0.26
Creatine (mg/dL: mean  SD) 0.954  0.264




Thyroid disease (hyper/hypo) 1/3
Cirrhosis-related symptoms score (CSS) 7.1  4.9
Pittsburgh Sleep Quality Index (PSQI) 7.0  3.8
Poor sleeper (PSQI) 34
Epworth Sleepiness Score (ESS) 5.3  3.8
Poor sleeper (ESS) 12
Restless legs syndrome (RLS) 11
Neuropsychological test (NPT) 2.01  1.61
Physical functioning (PF) 76  22
Role limitations due to poor physical health (RP) 70  26
Bodily pain (BP) 71.8  24.5
General health perception (GH) 51  19
Vitality (VT) 59  21
Social functioning (SF) 80  22
Role limitations due to poor emotional health (RE) 74  21.2
Mental health (MH) 67.2  21.2
Respiration quotient (RQ) 0.88  0.19
Resting energy expenditure (REE) 1203  190
% REE 114  190
Normal values in laboratory tests: ALT (IU/L), 5e40; AST (IU/L), 10e40; g-GTP
(IU/L), <70 in men, <30 in women; TP (g/dL), 6.7e8.3; ALB (g/dL), 4.0e5.0; WBC
(cells/mL), 3500e9000; RBC (104/mL), 450e580 in men, 380e480 in women; Plt
(104/mL), 14e33; PT (%), 70e130; BUN (mg/dL), 8.0e22.0; Cr (mg/dL),
0.61e1.04 in men, 0.47e0.79 in women; ALP (IU/L), 115e359; LDH (IU/L),
119e229; TB (mg/dL), 0.3e1.5; BTR, 5e9.5; NH3 (mg/dL), <75; ChE (IU/L),
214e466; TC (mg/dL), 128e220; TG (mg/dL), 38e150 (mg/dL), 70e110; BMI,
body weight (kg)/height (m2).
Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; PSL,
prednisolone; Tac, tacrolimus; CyA, cyclosporine A; NEFA, non-esterified fatty
acid.
3516 AKAHOSHI, ICHIKAWA, TAURA ET ALsleep disturbances [4]. In recent years, it has been reported
that sleep disturbances in cirrhotic patients is closely
related to survival [5] and mental health [6,7]. Córdoba
et al reported that sleep disturbances were observed in
47.7% of cirrhotic patients [4]. Sleep disturbances are
a major complication in chronic liver disease (CLD)
patients. The relationship between sleep disturbances and
various cirrhotic symptoms remains unclear. Recently, we
determined the prevalence of restless legs syndrome
(RLS) in Japanese CLD patients and reported that the
prevalence of RLS was 16.8% [8]. In addition, we clarified
that RLS worsens the quality of sleep and life in CLD
patients. In this report, we found that many cirrhotic
patients (40%) without RLS suffered from poor sleep. In
another report [9], we showed that branched chain amino
acids (BCAAs) are useful for cirrhotic patients who do not
have any overt encephalopathy but suffer from sleep dis-
turbances. Barbara et al reported that somnolence in
cirrhotic patients is related to minimal hepatic encepha-
lopathy (MHE) [10]. However, the frequency and type of
sleep disturbance after LT has not been evaluated.
Rodrigue et al stated that sleep disturbances are common
before and after kidney transplantation [11]. They reported
that kidney transplant recipients with severe fatigue and
poor sleep quality had significantly lower QOL scores than
those with low fatigue levels. In their study, the origins of
the sleep disturbances were unclear. They suggested that
kidney transplantation programs should develop a collab-
orative relationship with a sleep health center to assist in the
clinical evaluation and management of sleep-related prob-
lems [11]. Living-donor LT is associated with a lower inci-
dence of neurological complications than cadaveric LT [12],
although neurological complications are more common in
LTs than in other solid organ transplants (eg, kidney
transplantations) [13]. These differences were attributed to
the complexity of the surgical procedure, unfavorable clin-
ical conditions of the patients awaiting transplantation
(malnutrition, coagulopathy, and low platelet count), and
hepatic encephalopathy before LT [14,15]. Sleep distur-
bances are likely one of the worst problems facing liver
transplant recipients.
In this study, we evaluated the QOL of recipients after
LT, compared QOL after LT with sleep disturbances, and
explored the origins of these sleep disturbances.PATIENTS AND METHODS
Patients
Our research team included a sleep specialty clinician. The study
participants were recruited from among LT patients who were
admitted for liver biopsy at Nagasaki University Hospital in Naga-
saki, Japan, between September 2011 and September 2012. The
eligibility criteria included that patients were18 years of age and on
the LTwaitlist or a liver transplant recipient. All questionnaires were
completed in writing by the patients at entry (Table 1). In addition,
laboratory data were obtained at study entry (Table 1). Medical data
at the time of LT were extracted from the patients’ medical records
(Table 2).Laboratory Measurements
Laboratory data, anthropometric measurements, and questionnaire
results were obtained on the day of entry. Body mass index (BMI)
was calculated as the weight (kg) divided by the square of the height
(m2). Laboratory measurements included white blood cell (WBC)
counts, red blood cell (RBC) counts, platelet (Plt) counts, pro-
thrombin time (PT), blood urea nitrogen (BUN), creatinine (Cr),
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
g-glutamyltranspeptidase (g-GTP), alkaline phosphatase (ALP),
total bilirubin (TB), total protein (TP), albumin (Alb), total choles-
terol (TC), cholinesterase (ChE), triglyceride (TG), fasting blood
glucose (FBG), ammonia (NH3), and BCAA/tyrosine ratio (BTR).





(N ¼ 21) P Value
Gender (M/F) 20/18 15/6 NS
Age at LT 55.1  11.1 54.0  12.7 NS
BMI at LT 23.9  3.5 25.2  3.0 NS
Origin (C/B/N/FHF/other) 14/14/7/2/1 12/5/3/1/0 NS
MELD at LT 13.45  8.5 14.13  8.5 NS
Child-Pugh score at LT 9.9  2.9 9.5  2.2 NS
HCC (þ/) at LT 16/22 14/7 NS
OHE in past history
(þ/) at LT
13/25 4/17 NS
Diabetes (þ/) at LT 14/21 8/12 NS
NEFA at LT 0.74  0.36 0.64  0.29 NS
Age at entry 58.5  11.4 58.1  11.4 NS
Postoperative weeks to entry 174.8  143 210  127 NS
BMI at entry 24.4  3.7 23.9  3.6 NS
Recurrent hepatitis (þ/) 15/23 9/12 NS
ALT at entry 33.8  27 31.2  21 NS
Total bilirubin at entry 1.0  0.5 1.1  0.7 NS
Prothrombin time at entry 80  25.5 88.2  19.2 NS
BTR at entry 6.63  2.28 7.27  1.67 NS
Albumin at entry 3.89  0.503 4.24  0.412 .0095
Hemoglobin at entry 12.0  2.5 12.8  2.3 NS
Ferritin at entry 128.3  159 89  64.9 NS
NEFA at entry 0.61  0.23 0.58  0.3 NS
Creatinine at entry 0.96  0.29 0.94  0.22 NS
Ammonia at entry 39.4  26.9 26.7  17.4 NS
IS (PSL/Tac/CyA) 4/21/11 1/12/7 NS
Diabetes (þ/) at entry 10/28 6/15 NS
Hypertension (þ/) at entry 18/20 7/14 NS
Thyroid disease (þ/) at entry 2/36 2/19 NS
Abbreviations: HCC, hepatocellular carcinoma; PSL, prednisolone; Tac,
tacrolimus; CyA, cyclosporine A; C, HCV (hepatitis C virus); B, HBV (hepatitis B
virus); N, non-HBV and non-HCV; FHF, fulminant hepatic failure; OHE, overt he-
patic encephalopathy; NEFA, non-esterified fatty acid; IS, immunosuppressant.
Table 2. Clinical Characteristics at Liver Transplantation
Characteristics N ¼ 59
Gender (M/F) 35/24
Age (mean  standard deviation [SD]) 54.8  11.6
BMI (kg/m2: mean  SD) 24.3  3.3
Original disease (LCC/LCB/LC-other/FHF/other) 26/19/10/3/1
MELD (mean  SD) 13.7  8
Child-Pugh score (mean  SD) 10  3
HCC 30
Overt hepatic encephalopathy in past history 17
Diabetes 24
NEFA (mEq/L: mean  SD) 0.71  0.34
Abbreviations: LC, liver cirrhosis; HCC, hepatocellular carcinoma; LCC, type
C liver cirrhosis; LCB, type B liver cirrhosis; FHF, fulminant hepatic failure; NEFA,
non-esterified fatty acid; HCC, hepatocellular carcinoma.
SLEEP DISTURBANCES AFTER TRANSPLANTATION 3517We used the Vmax SPECTRA 29n (Nihon Kohden Corp.,
Tokyo, Japan) to perform indirect calorimetry early in the morning,
during 12 hours of fasting, and during bed rest until inspection. The
respiration quotient (RQ) was calculated based on the VO2 and
VCO2 data. The formula for RQ and resting energy expenditure
(REE) was divided by the VO2/VCO2 ratio result.
When we were unable to identify the etiology of the sleep
disturbances using questionnaires, some patients underwent
polysomnography for diagnosis by a sleep specialty clinician.
Survey by Questionnaire
We constructed questionnaire items that evaluated the liver-related
QOL. The questionnaire items addressed hand tremors, appetite
loss, muscle cramps in the feet, fatigue, decreased strength, anxiety,
abdominal fullness, abdominal pain, and low energy. For each item,
we calculated an “impact factor,” which was the product of the
proportion of patients who identified the item as a problem (fre-
quency) and the mean importance attributed to that item. The
impact factor for each item ranged from 0 to 3. We investigated the
total of the impact factors (cirrhosis-related symptom score [CSS]).
We subsequently used the Epworth Sleepiness Scale (ESS) [16] to
evaluate daytime hypersomnolence. The ESS score can range from
0 to 24, and a score of 10 or more indicates significant daytime
hypersomnolence. Sleep quality was evaluated using the Japanese
version of the Pittsburgh Sleep Quality Index (PSQI) [17]. Ques-
tionnaire responses are used to generate seven components, each of
which is scored from 0 to 3, where 3 represents extreme negative
and more than 1 is abnormal. The component scores are added to
provide the global PSQI score (range, 0e21); scores of more than 5
identify “poor” sleepers. Health-related QOL was evaluated by the
Japanese 36-item short-form health survey (SF-36 v2; Medical
Outcomes Trust, Health Lab, QualityMetric, and Shunichi Fuku-
hara) [18]. One item is designed to assess the perceived change in
health status, and the remaining 35 items are used to generate eight
subscales (0e100 scale) including physical functioning (PF), role
limitations due to poor physical health (RP), bodily pain (BP),
general health perception (GH), vitality (VT), social functioning
(SF), role limitations due to poor emotional health (RE), and role
limitations due to mental health (MH). All subjects were evaluated
for the presence of RLS by a written survey with the questionnaire
used for epidemiological surveillance by the International Restless
Legs Syndrome Research Group in 2003 [19]. In this study, patients
who provided positive answers to all four criteria and who had
symptoms of RLS that occurred at least twice per week were
diagnosed with RLS.Neuropsychological Test System
The Neuropsychological Test (NPT) system was designed to assess
psychomotor, attention, memory, and special functions and consisted
of the following eight tests: number connection tests A and B, figure
position test, digit symbol test, block design test, and reaction time tests
A, B, and C for diagnosis of minimal hepatic encephalopathy (MHE)
[20]. The system was simplified so that two-dimensional operations
using a computer were possible. All tests can be completed in
approximately 20 minutes, including the time needed for practice and
time needed to read the operation guide. The software was developed
by Otsuka Pharmaceutical Co, Ltd, Kokuyo Co, Ltd, and ISB Co, Ltd.
Statistical Analysis
Data were processed on a personal computer and analyzed using the
StatView 5.0 software program (SAS Institute, Inc., Cary, NC,
United States). The differences in laboratory variables were analyzed
by the Mann-Whitney U test and the c2 test. The relations between
items were evaluated using the correlation coefficient. Values of
P < .05 were considered statistically significant.
RESULTS
In this study, we defined a poor sleeper at entry (poor
group) as a patient with 10 points and greater for the ESS
Table 4. Differences in the Questionnaire, Neuropsychological Test, and Respiration Quotient Test Results at Entry Between Poor and
Good Sleepers
Characteristics Poor (N ¼ 38) Good (N ¼ 21) P Value
Cirrhosis-related symptoms score (CSS) 9.2  4.9 5.1  4.1 .002
Pittsburgh Sleep Quality Index (PSQI) 8.9  3.5 3.7  1.1 <.0001
Epworth Sleepiness Score (ESS) 6.6  4.3 4.7  5.6 .06
Restless legs syndrome (RLS) 9 2 NS
Neuropsychological test (NPT) 2.18  1.68 1.82  1.55 NS
Physical functioning (PF) 68.2  21.2 88.8  17 .0006
Role limitations due to poor physical health (RP) 62.8  26.4 81.3  22 .01
Bodily pain (BP) 66.4  24.7 81.0  22 .02
General health perception (GH) 45.4  18.6 59.8  14.7 .005
Vitality (VT) 48.4  19.2 75.9  11.6 <.0001
Social functioning (SF) 74.6  23.8 90.5  14.7 .008
Role limitations due to poor emotional health (RE) 68.1  24.1 85.4  20.7 .01
Mental health (MH) 57.9  19.9 84  10.4 <.0001
Respiration quotient (RQ) 0.851  0.076 0.924  0.297 NS
Resting energy expenditure (REE) 1179  226 1243  246 NS
Data are shown as mean  standard deviation. Statistical analysis was performed using the Mann-Whitney test for means and the c2 test for numbers. Statistically
significant differences between the poor and good sleeper groups are indicated above.
Table 5. The Influence of RLS on Liver Transplantation Patients
Characteristics RLSþ (N ¼ 11) RLS (N ¼ 48) P Value
Time after LT (weeks) 116.4  101 203.4  140 .05
Original disease (HCV/others) 2/9 24/24 .09
Original disease (HBV/others) 4/7 15/33 NS
PSQI 8.27  5.1 6.72  3.4 NS
ESS 6.9  4.4 5.7  3.5 NS
CSS 9.8  6.4 7.3  4.5 NS
NPT 2.49  1.58 1.88  1.62 NS
SF-36 bodily pain (BP) 57.5  21.7 75.2  24 .03
SF-36 vitality (VT) 46.5  21.7 61.1  20.5 .04
SF-36 mental health (MH) 52.3  29.5 70.9  17.1 .007
3518 AKAHOSHI, ICHIKAWA, TAURA ET ALand/or 7 points and greater for the PSQI global index. All
remaining patients were classified as good sleepers (good
group). Thirty-eight (68%) transplantation patients were
classified as poor sleepers. Twelve poor sleepers were iden-
tified by the ESS and 34 were identified by the PSQI
(Table 1).When we compared the poor and good groups, the
serum albumin titers of the poor group were lower than those
of the good group. However, the other clinical characteristics
were not different between the groups (Table 3). Next, we
investigated differences of the CSS, PSQI, ESS, RLS, SF-36,
NPT, and RQ results at entry between the poor and good
sleepers (Table 4). The CSS and PSQI scores of the poor
group were lower than those of the good group, and the ESS
scores of the poor group trended toward a decrease in
comparison to that of the good group. All SF-36 item results
of the poor group were lower than those of the good group.
The RQ and REE results did not differ between the groups.
Eleven (18%) patients had RLS (Table 5). The time after
LT inRLS patients trended toward a decreasewhen compared
to that in non-RLS patients. The number of HCV-related LT
in RLS patients was less than that in non-RLS patients. The
PSQI, ESS, and CSS scores were not different between the
groups, whereas the BP, VT, andMH items of the SF-36 were
lower in RLS patients than in non-RLS patients.
Next, we investigated the relation between NPT scores
and the clinical characteristics. The NPT score was an index
of the total number of abnormal items of the NPT (0e8
points). The NPT score was negatively related to the time
after LT and the BTR at entry (Fig 1A and B) and positively
related to the model for end-stage liver disease (MELD) at
LT (Fig 1C). The NPT scores of patients who used pred-
nisolone (PSL) for immunosuppressive therapy were lower
than those of patients who did not use PSL (Fig 1D). The
other clinical characteristics were not related to the NPT
score. Because the median NPT score was 2.01 (standard
deviation [SD]: 1.61; Table 1), we classified patients with anNPT score of 3 and greater as MHE (MHE3). The MHE3
group included 22 (43%) patients (Table 6). Eight patients
could not complete the NPT. The time after LT was shorter
in the MHE3 group than in the MHE0-2 group. The serum
NH3 values were higher in the MHE3 group compared to
that in the MHE0-2 group. The serum albumin levels and
BTR trended toward a decrease in the MHE3 group
compared to those in the MHE0-2 group. The RP scores
trended toward a decrease in the MHE3 group compared to
that in the MHE0-2 group. The number of RLS patients in
the MHE3 group was higher than that in the MHE0-2
group. Six (40%) RLS-complicated patients were included
in the MHE3 group. The global PSQI scores did not differ
between the MHE3 and MHE0-2 groups.
To compare theRLS andMHE3groups, we separated all of
the patients into four groups (Fig 2). Obstructive sleep apnea
syndrome (OSAS) and central sleep apnea (CSA) were
diagnosed by a sleep specialty clinician using poly-
somnography. Benign prostate hyperplasia and depression
were also diagnosed by a sleep specialty clinician. The
unknown group did not visit the sleep specialty clinician. Poor
sleep originated from several conditions (RLS, PLSþMHE3,
MHE3, OSAS, depression, and CSA; Fig 2A). In the poor
A B
C D
Fig 1. Neuropsychological test (NPT) scores at entry and clinical parameters. (A) Relation between the NPT score and time after liver
transplantation (LT). X-axis: number of weeks after LT; Y-axis: NPT scores. (B) Relation between the NPT score and branch chain amino
acid/tyrosine ratio (BTR) at entry. X-axis: BTR; Y-axis: NPT scores. (C) Relation between the NPT score and model for end-stage liver
disease (MELD) at entry. X-axis: MELD at entry; Y-axis: NPT scores. (D) Relation between the NPT score and prednisolone (PSL) use.
Y-axis: NPT score. PSLþ: patient group that used PSL for immunosuppressive therapy. PSL: patient group that did not use PSL at
entry. R: relation. P < .05 was considered statistically significant.
Table 6. The Influence of MHE3 on Liver Transplantation
Patients
Characteristics MHE3 (N ¼ 22) MHE0-2 (N ¼ 29) P Value
Time after LT (weeks) 141.2  101 238.3  150 .01
RLS (þ/) 6/15 4/26 .07
Poor sleeper (þ/) 15/7 7/12 NS
PSQI 7.73  4.3 6.57  3.5 NS
ESS 4.6  3.6 7  3.6 .02
CSS 7.1  5.3 9  4.8 NS
Albumin at entry 3.85  0.65 4.09  0.32 .08
Ammonia at entry 40.5  33.1 27.1  16 .03
BTR at entry 6.2  2.15 7.7  2 .05
SF-36 RP 77.6  24.6 63.4  26 .06
Data are shown as mean  standard deviation. Statistical analysis was per-
formed using the Mann-Whitney test for means and the c2 test for numbers.
Statistically significant differences between the poor and good sleeper groups
are indicated above.
SLEEP DISTURBANCES AFTER TRANSPLANTATION 3519sleeper group, nine patients with RLS were classified as
RLS only (three patients) and RLS-complicatedMHE3 (six
patients). The nine MHE3 patients in the poor sleeper
group did not complain of RLS symptoms. The unknown
original disease group included patients without RLS,
MHE0-2, OSAS, depression, or CSA. The control group
included patients who were good sleepers (13 patients),
good sleepers with MHE3 (8 patients), poor sleepers with
OSAS (3 patients), poor sleepers with depression (2 pa-
tients), and a poor sleeper with CSA (1 patient) (Fig 2B).
The serum albumin titers of the control group were higher
than those of the other three groups (Fig 3C), and the global
PSQI scores were lower in the control group than in the
other three groups (Fig 3A). In the MHE group, the MELD
and serum NH3 levels were higher than in the other three
groups (Fig 3A, C, and D), the NPT scores were higher than
those of the control and unknown groups (Fig 3A), and the
BTR was lower than those of the other three groups (Fig
3C). In the RLS group, the time after LT was shorter than
those of the MHE and control groups (Fig 3B) and the NPT
scores were higher than those of the control and unknown
groups (Fig 3A). When we evaluated the SF-36 items (Fig
3E), the BP scores of the RLS group were lower than
those of the other three groups and the RP and RE scores of
the RLS and unknown groups were lower than those of the
MHE group. The GH and VT scores of the MHE group
were lower than those of the control group. The PF, VT, SF,andMHE scores of the RLS group were lower than those of
the control group.
DISCUSSION
In this study, 38 (68%) LT patients were classified as poor
sleepers. The characteristics of poor sleepers included lower
albumin levels, higher CSS scores, and lower individual SF-
36 item scores relative to those of good sleepers. The
original diseases of the poor sleepers were MHE (43%),
A B
Fig 2. Original diseases and sleep disturbance classification. (A) Original sleep disorder conditions. The good group contained 13
good sleepers and 1 patient complicated with restless legs syndrome (RLS). The good minimal hepatic encephalopathy (MHE) group
included good sleepers complicated with MHE3, including 1 patient complicated with RLS. The poor central sleep apnea (CSA) group
had 1 poor sleeper with CSA. The poor depression group included 2 poor sleepers with depression. The poor OSAS group contained 4
poor sleepers with OSAS. The poor MHE group included 9 poor sleepers complicated with benign prostate hyperplasia (1 patient) and
depression (1 patient). The poor RLS þ MHE group contained 6 poor sleepers with RLS and MHE3. The poor RLS group contained 3
poor sleepers complicated with RLS. The poor unknown group included 13 poor sleepers for whom the etiology of their poor sleep was
not found at entry. (B) Sleep disorder classification. The control group included the patients classified as good, good MHE, poor CSA,
poor depression, and poor OSAS in 2A. The MHE group included the poor MHE patients from 2A. The RLS group included the poor
RLS þ MHE and poor RLS patients from 2A. The unknown group included the poor unknown patients from 2A.
3520 AKAHOSHI, ICHIKAWA, TAURA ET ALRLS (18%), and others. When the poor sleepers were
divided into four groups (control, MHE, RLS, and
unknown), the MHE group showed high MELD and NH3
levels and low BTR, whereas RLS patients had a short time
after LT. The individual SF-36 item scores showed differ-
ential pattern damage between the four groups.
RLS is a common complication of CLD [8]. In the present
study, 25 of 149 (16.8%) CLD patients had RLS. However,
the prevalence rates of RLS in chronic hepatitis and LC
patients were 17.2% and 17.4%, respectively. There were no
differences between patients with or without RLS in terms of
liver function, etiology of liver disease, and other complica-
tions. In this study, 11 (18%) LT patients had RLS, although
the risk factors for RLS could not be determined either
before or after LC development. RLS is thought to originate
from brain metabolism abnormalities [21,22]. We speculate
that liver dysfunction is related both directly and indirectly to
RLS, and the state of the patient’s brain metabolism was not
changed at study entry.
In CLD, MHE leads to cognitive dysfunction and causes
driving accidents [23,24], falls [25], and poor prognosis [26].
Although all cognitive function indices improved in patients
after LT, 13% of LT patients showed persistent cognitive
impairment [27]. A previous study reported that the presence
of several poor conditions before LT, such as alcoholism,
diabetes, hepatic encephalopathy (HE), and a small brain
worsens the neurological outcome after LT [27]. In this study,
we did not identify any factors related to MHE after LT, and
these conditions were not observed before LT. However,
because MHE after LT is related to a highMELD before LT,
high NH3 levels, and low BTR levels, we speculated that anabnormal brain metabolism before and after LT is related to
MHE after LT.
Many liver transplant recipients suffered from post-LT
sleep disturbances leading to impaired QOL. Interestingly,
the time after LT was related to RLS andMHE development.
Recently, it was reported that cirrhotic patients exhibit a
progressive loss of brain tissue during the course of the disease
[27,28]. The decreased brain density observed in LC patients
does not completely reverse or reverses very slowly after LT
[28]. Meanwhile, it was been reported that white matter
lesions in the brain decreased in volumewith the improvement
of HE and with LT [29]. The associated improvement of
cognitive function supports a relationship between white
matter lesions and MHE development [29]. MHE and RLS
are neurological complications that occur after LT. Therefore,
these complications did not recover early after LT, but
improved during the late post-LT stage. In this study, we could
not obtain brain magnetic resonance imaging (MRI) results.
Evaluation of white matter lesions, brain volume, and brain
function by MRI should be performed post-LT.
All poor sleepers had reduced QOL. The QOL was
assessed by the SF-36 scores, and although the SF-36 is a
useful scale for QOL, it is not appropriate for MHE patients
[18]. In this study, the GH, VT, and MH scores of the SF-36
were lower in MHE patients compared to those in the con-
trols, whereas the RP scores were higher compared to that in
the controls. Other options for QOL assessment are needed
for future studies. In contrast, the ESS and PSQI were useful
screening methods for poor sleepers. Because sleep distur-
bances worsened QOL [10], we used the ESS and PSQI in
daily practice. CLD is a somnolence-related disease. After
A B C
D E
Fig 3. Differences between the minimal hepatic encephalopathy (MHE), restless legs syndrome (RLS), and unknown origins groups.
The control, MHE, RLS, and unknown groups represent those classified in Fig 2B. (A) The relation between the model for end-stage
liver disease (MELD), Pittsburgh Sleep Quality Index (PSQI), and neuropsychological test (NPT) scores in relation to sleep disorders.
Y-axis: MELD, PSQI, and NPT scores. Columns 1, 5, and 9: control group. Columns 2, 6, and 10: MHE group. Columns 3, 7, and
11: RLS group. Columns 4, 8, and 12: unknown group. (B) The time after liver transplantation (LT) related to sleep disorders. Y-axis:
time after LT (weeks). (C) The relation between serum albumin titers and the branched chain amino acid/tyrosine ratio (BTR) in relation
to sleep disorders. Y-axis: serum albumin titers and BTR. Columns 1 and 5: control group. Columns 2 and 6: MHE group. Columns 3
and 7: RLS group. Columns 4 and 8: unknown group. (D) The ammonia levels related to sleep disorders. Y-axis: ammonia levels. (E) The
items of the SF-36 related to sleep disorders. Y-axis: value of each item of the SF-36. *P < .1; **P < .05.
SLEEP DISTURBANCES AFTER TRANSPLANTATION 3521LT, the patients could not achieve adequate sleep in
this study. On occasion, diagnosis of sleep disturbance is
extremely important in LT patients. Treatment of somno-
lence should not be a sleeping pill but instead a response to
the underlying cause. We recommend that sleep specialty
clinicians should be included in the hepatology unit.
In this study, we showed that RLS and MHE are major
diseases underlying sleep disturbances in LT patients. RLS
andMHE can be managed by medication and nutrition [9].
When RLS and MHE are controlled and sleep distur-
bances are improved, the poor QOL of LT patients can be
reversed. In the future, we must evaluate and treat sleep
disturbances of patients after LT because evaluation of
sleep disturbances is more straightforward than QOL
assessment.REFERENCES
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